Abstract-In this article, in a simple way, simple relations are derived between the electric field components of an electrically uniaxial medium and those of an isotropic medium. The permittivity of the isotropic medium is the same as the permittivity of the uniaxial medium that is common to the axes transverse to the optic axis. Using the spectral representation, the vector wave equation for the electric field intensity vector of the uniaxial medium is solved for the x directed, y directed and z directed point sources. For the x directed and y directed point sources, the electric field components transverse to the optic axis are written in terms of the corresponding components of the isotropic medium plus some other terms. Part of these terms are closed forms expressions, and the rest are Sommerfeld type integrals. Elements of each group are related to each other by coordinate transformations. The electric field components parallel to the optic axis are shown to be obtained from the isotropic medium components using coordinate transformations. The relations between the uniaxial medium and isotropic medium field components are verified by comparing the results of a previous study in the literature to the results obtained using the relations in this study. Good agreement is achieved between these results.
INTRODUCTION
Anisotropic materials are materials whose electromagnetic properties depend on the direction. An electrically uniaxial material is a special case of anisotropic materials. An electrically uniaxial material has a permittivity along its distinguished or optic axis which is different from the common permittivity in the directions of the other two axes.
Anisotropic materials have a wide application range in technology. Microwave integrated circuits, resonators, microstrip antennas are some of the application areas. A great amount of literature on anisotropic materials exists. Some of the studies on the propagation of electromagnetic waves in homogeneous uniaxial media are given in [1] [2] [3] [4] . In [1] , using some coordinate variable transformations in Maxwell's equations, equivalence is established between TM z electromagnetic waves in electrically uniaxial media and TM z waves in isotropic media. A similar equivalence is built for TE z electromagnetic waves. In [2] , electrically uniaxial medium is studied in a separate chapter. The relations between the electrically uniaxial medium fields and isotropic medium fields are described by using scalar potential functions. The scalar potentials for the electrically uniaxial medium are expressed in terms of scalar potentials for the isotropic medium. In [3] , the dyadic Green's functions for an electrically uniaxial medium are determined in closed forms using the 3-dimensional Fourier transform. In [4] , the dyadic Green's functions are derived for a general uniaxial medium, i.e., a medium which is magnetically and electrically uniaxial medium, by solving a dyadic differential equation. Apart from these articles, the free-space Green functions for several types of anisotropic media are studied in the references . The basics of uniaxial media are given in the books in [2, 3, [5] [6] [7] .
In this article, the Green's functions for the components of the electric field for an electrically uniaxial medium are found for three kinds of point sources, an x directed point source, a y directed point source and a z directed point source. They are related to the Green's functions of the isotropic medium with a permittivity the same as the permittivity of the uniaxial medium that is common to the axes transverse to the optic axis. The solution is made using the spectral representation method given in [5] . Each of the Green's functions contains a term which is a scaled version of the corresponding isotropic medium Green's function. For the components transverse to the optic axis, there is another term which is a Sommerfeld type integral, and the rest of the terms are in closed form. Sommerfeld integral type terms are convertible to each other by using coordinate scalings. The same conversion is possible for the closed form terms.
In Section 2, spectral domain wave equations are derived for the electric field components of the uniaxial medium. In Section 3, these spectral domain equations are solved for three basic point source configurations. In Section 4, the relations obtained are verified by comparing their results to those obtained from the closed form expressions given in [4] . Good agreement is obtained except for the field points with zenith angle θ close to 0.
SPECTRAL DOMAIN WAVE EQUATIONS
For the electrically uniaxial medium with its distinguished axis in theẑ direction, first two of the Maxwell's equations can be written in the following form assuming the time harmonic dependence of e −jωt :
In these equations, E is the electric field intensity vector, H the magnetic field intensity vector, and J the electric current density vector. The scalar µ is the permeability of the medium, and the tensor¯ is the permittivity tensor of the medium given bȳ =xx +ŷŷ +ẑẑ z (3) ω is the angular frequency and j the imaginary unit. Taking the curl of both sides of Equation (1) and using the Gauss law given by
the following wave equation is obtained for E:
The spectral representation or 3-dimensional inverse Fourier transform of a scalar F is defined as follows [5] :
whereF is the spectral domain form of F and
If the spectral expansion is applied to Equation (5), then the following three equations are obtained:
BASIC POINT SOURCE CONFIGURATIONS
In this section, the spectral domain wave equations are to be solved for basic point source configurations. They are thex directed,ŷ directed andẑ directed point source configurations.
3.1.x Directed Point Source
Thex directed point source is given as follows:
where
The spectral domain representation for this source is
If the spectral domain equations are solved for this point source, then the following expressions are obtained for spectral E components:
The k z integration in the spectral representation is performed by the residue integration indicated in [5] to obtain the following integrals:
In the above integrals, the following definitions are used:
Each of the integral groups contains some integrals which are not totally independent of each other. Using the variable transformations given by
the following relations can be derived:
In addition to these symmetry relations, some integrals are related with the spectral field components for the isotropic medium with permittivity . If the spectral domain scalar wave equations are solved for the isotropic medium, then the following integrals are obtained for the electric field components:
Utilizing the variable transformation in (32), the following relations can be written:
Sommerfeld integral forms are to be derived by applying a series of variable transformations followed by the application of an integral identity for Bessel functions of the first kind as indicated in [5] . The variable transformations and related expressions are as follows:
The identity for the Bessel functions of the first kind is given by
In the Sommerfeld integrals, the integration path denoted by P is the Sommerfeld integration path, and the branch of the square root relation used for the calculations of k z 1 is the Im {k z 1 } = 0 branch [5] .
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Hence, x component of the uniaxial medium electric field can be related to that of the isotropic medium electric field as follows:
As to y component of the uniaxial medium electric field, the following equations are valid:
3.2.ŷ Directed Point Source
Theŷ directed point source is given as follows:
where Il = 1A · m (59) The spectral domain representation for this source is
If k z integration in the spectral representation is performed, the following expressions are obtained:
E yy uni = = I yy 1 − I yy 2 − I yy 3 + I yy 4 + I yy 5 (68) 
Similar to the case for thex directed source, the following relations can be written:
If the spectral domain equations are solved for the isotropic medium with permittivity for the y directed point source, then the following integrals can be derived:
Comparing the isotropic medium solutions with the uniaxial medium solutions yields the following equations:
After the Sommerfeld integral representations of integrals I xy 1 and I yy 3 are derived, the following equations can be written:
Hence, x and y components of the electric field for the uniaxial medium can be written as follows:
where 
3.3.ẑ Directed Point Source
Theẑ directed point source is given as follows:
(98) The spectral domain field components can be written as follows:
After performing the k z integration in the spectral representation, the following two-dimensional integral forms can be obtained for the electric field components:
The counterparts of these expressions in the isotropic medium are For y directed point source, the electric field is obtained in [4] as follows:
For z directed point source, the electric field is obtained in [4] as follows: In the above expressions, the following definitions are valid: results, which are displayed in Fig. 1 to Fig. 3 . If the results obtained with respect to the azimuth angle φ are examined, it can be observed that they have got high accuracy for R = 1 m. The accuracy of the results increases as r z is increased, or the radial distance is increased.
For the results which are given versus the zenith angle θ of the field point, R is chosen 5 m. The reason of choosing minimum R as 5 m is that the results have low accuracy for θ closed to 0 when the field points are close to the source. The azimuth angle φ is 5 • for these results. The results which are versus the zenith angle θ are given in Fig. 4 to Fig. 9 . The results obtained with respect to the varying zenith angle θ indicate that the SDM does not perform well for θ close to 0. The accuracy of the results increases as r z is increased, or the radial distance is increased. There is no accuracy problem for z components of the electric field for x directed and y directed point sources. The same case is valid for the electric field components produced by the z directed point source. The reason is that they are related to the isotropic field components by simple coordinate transformations.
CONCLUSION
In this article, the electric field components of an electrically uniaxial medium are related to those of an isotropic medium with a permittivity the same as the permittivity of the uniaxial medium that is common to the axes transverse to the optic axis using a simple method, i.e., the spectral representation method. The obtained relations are also simple. They contain terms which are convertible to each other by simple coordinate transformations. For the zenith angle θ not close to 0, the relations are verified with high accuracy using the SDM method for Sommerfeld integral type terms.
